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(g) Coherence optimized active adaptive control system. 



(57) Coherence optimization is provided in an ac- 
tive adaptive control system. The adaptive con- 
trol model (16) has a model input (18) receiving 
a reference signal (8) from a reference input 
transducer (4), an error input (20) receiving an 
error signal (14) from an error transducer (10), 
and a model output (22) out putting a correction 
signal (24) to an output transducer (26) to intro- 
duce a control signal matching the system input 
signal (6) to minimize the error at the error 
input Coherence in the system is determined, 
and a coherence filter (27 ; 28 ; 29) is provided 
according to the determined coherence. Prefer- 
ably, one or more of the error signal (14), 
reference signal (8) and correction signal (24) is 
coherence filtered. 
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BACKGROUND AND SUMMARY 

The invention relates to active adaptive control 
systems, and more particularly to an improvement in- 
corporating coherence optimized filtering. 5 

The invention arose during continuing develop- 
ment efforts directed toward active acoustic attenua- 
tion systems. Active acoustic attenuation involves in- 
jecting a canceling acoustic wave to destructively in- 
terfere with and cancel an input acoustic wave. In an 10 
active acoustic attenuation system, the input acoustic 
wave is sensed with an input transducer, such as a 
microphone or an accelerometer, which supplies an 
input reference signal to an adaptive fitter control 
model. The output acoustic wave is sensed with an er- is 
ror transducer which supplies an error signal to the 
model. The model supplies a correction signal to a 
canceling output transducer, such as a loudspeaker 
or a shaker, which injects an acoustic wave to de- 
structively interfere with the input acoustic wave and 20 
cancel or control same such that the output acoustic 
wave at the error t ransducer is zero or some other de- 
sired value. 

An active adaptive control system minimizes the 
difference between a reference signal and a system 25 
output signal, such that the system will perform some 
desired task or function. A reference signal is gener- 
ated by an input transducer or some alternative 
means for determining the desired system response. 
The system output signal is compared with the refer- 30 
ence signal, e.g. by subtractive summing, providing 
an error signal. An adaptive filter model has a model 
input from the reference signal, an error input from 
the error signal, and outputs a correction signal to the 
output transducer to introduce a control signal to min- 35 
imize the error signal. 

The present invention is applicable to active 
adaptive control systems, including active acoustic 
attenuation systems. In the present invention, a co- 
herence optimization method is provided wherein co- 40 
herence in the system is determined, and a coher- 
ence filter is provided according to the determined co- 
herence. In the preferred embodiment, coherence is 
determined with a second adaptive filter model, and 
at least one of the error signal, reference signal and 45 
correction signal is coherence filtered to substantially 
remove or de-emphasize the noncoherent portions. 
The coherence filtering may also shape the spectrum 
to assist the adaptive modeling. This maximizes mod- 
el performance by concentrating model adaptation on so 
the coherence portion of the signal which the model 
can cancel or control. 

For example, in active noise control, the coherent 
portion of the error signal is due to the propagating 
sound wave sensed by the reference input micro- 55 
phone and then by the downstream error microphone. 
The noncoherent portion of the error signal is due to 
the background noise or random turbulence at the er- 



ror microphone uncorrelated with background noise 
or random turbulence at the reference input micro- 
phone. The model cannot cancel such noncorrelated 
independent background noise or random turbulence 
at the separate locations of the reference input micro- 
phone and error microphone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of an active 
adaptive control system with coherence filtering in 
accordance with the invention. 

Fig. 2 schematically illustrates one implementa- 
tion of a portion of the system of Fig. 1 . 

Fig. 3 is a further detailed schematic illustration 
of the system of Fig. 2 and includes a further alterna- 
tive. 

Fig. 4 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1. 

Fig. 5 is a further detailed schematic illustration 
of the system of Fig. 4 and includes a further alterna- 
tive. 

Fig. 6 is a further detailed schematic illustration 
of a portion of the system of Fig. 1 and includes a fur- 
ther alternative. 

Fig. 7 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1 . 

Fig. 8 is a further detailed schematic illustration 
of the system of Fig. 7 and includes a further alterna- 
tive. 

Fig. 9 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1 . 

Fig. 10 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1 . 

Fig. 11 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1 . 

Fig. 12 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1 . 

Fig. 13 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1 . 

Fig. 14 schematically illustrates another imple- 
mentation of a portion of the system of Fig. 1 . 

DETAILED DESCRIPTION 

Fig. 1 shows a system similar to that shown in Fig. 
5 of U.S. Patent 4,677,676, incorporated herein by ref- 
erence. Fig. 1 shows an active adaptive control sys- 
tem 2 including a reference input transducer 4, such 
as a microphone, accelerometer, or other sensor, 
sensing the system input signal 6 and outputting a ref- 
erence signal 8. The system has an error transducer 
10, such as a microphone, accelerometer, or other 
sensor, spaced from input transducer 4 and sensing 
the system output signal 12 and outputting an error 
signal 1 4. The system includes an adaptive filter mod- 
el M at 1 6 which in the preferred embodiment is model 
40 of U.S. Patent 4,677,676, having a model input 18 
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from reference signal 8, an error input 20 from error 
signal 14, and a model output 22 outputting a correc- 
tion signal 24 to an output transducer or actuator 26, 
such as a loudspeaker, shaker, or other actuator or 
controller, to introduce a control signal matching the s 
system input signal, to minimize the error at error in- 
put 20. 

Coherence optimization is afforded by providing 
first and second transducers outputting first and sec- 
ond signals, and determining coherence between the w 
first and second signals, preferably with a second 
adaptive filter model at 17 modeling the transfer func- 
tion between the first and second transducers and 
optimizing a determined coherence filter, to be de- 
scribed. The first and second transducers may be 15 
provided by transducers 5 and 11, as shown, provid- 
ing respective first and second signals 9 and 15. Al- 
ternatively, reference input transducer 4 and error 
transducer 10 may be used as the first and second 
transducers, respectively, providing first and second 20 
signals 8 and 14, for determining at 17 the coherence 
between system input signal 6 and system output sig- 
nal 12 which have coherent and noncoherent por- 
tions. A coherence filter is provided in the system ac- 
cording to the determined coherence. In the preferred 25 
embodiment, at least one of the error signal, refer- 
ence signal and correction signal is coherence fil- 
tered, as shown at respective K« coherence filter 27, 
K r coherence filter 28, and Kc coherence filter 29. Er- 
ror signal 14 is coherence filtered by K« coherence fit- 30 
ter 27 to emphasize the coherent portions thereof, to 
provide a coherence optimized filtered error signal. 
This maximizes model performance by de-emphasiz- 
ing or eliminating portions of the error signal caused 
by system output signal portions which the model 35 
cannot cancel or control. Instead, model adaptation is 
concentrated to that portion which the model can can- 
cel or control. Reference signal 8 is coherence fil- 
tered by Kf coherence filter 28 to emphasize the co- 
herent portions of the reference signal, and supply a 40 
coherence optimized reference signal to the model in- 
put 18. The correction signal is coherence filtered by 
Kc coherence filter 29. to emphasize portions of the 
correction signal that correspond to coherent portions 
of the system input and output signals. 45 

Fig. 2 shows one implementation of a portion of 
the system of Fig. 1 , and uses like reference numerals 
from Fig. 1 where appropriate to facilitate understand- 
ing. A second adaptive filter model Q at 30 has a mod- 
el input 32 from reference signal 8, a model output 34 so 
subtractively summed at summer 36 with error signal 
14 from error transducer 10, and an error input 38 
from the output of summer 36. A third adaptive filter 
model E at 40 has a model input 42 from error signal 
1 4, a model output 44 subtractively summed at sum- 55 
mer 46 with the model output 34 of Q model 30, and 
an error input 48 from the output of summer 46. The 
model output 44 of E model 40 provides a coherence 



optimized filtered error signal. The output 34 of Q 
model 30 approaches the coherent portion of error 
signal 14, i.e. that portion of system output signal 12 
which is correlated to system input signal 6. E model 
40 attempts to drive its error input 48 towards zero, 
which in turn requires that the output of summer 46 
be minimized, which in turn requires that each of the 
inputs to summer 46 be substantially the same, which 
in turn requires that E model output 44 be driven to- 
ward the value of Q model output 34, whereby E mod- 
el 40 coherence filters error signal 14 to substantially 
remove portions thereof which are noncoherent with 
system input signal 6, and passing coherent portions 
to E model output 44. The coherence filter E at 40 in 
Fig. 2 provides the Ko filter 27 in Fig. 1 . Alternatively, 
K„ filter 27 of Fig. 1 may be provided by a copy of E 
filter 40 of Fig. 2, for example as shown at 1 07, Fig. 
3, to be described. 

In one embodiment Q model 30 and E model 40 
are pre-trained off-line prior to active adaptive control 
by M model 16, and E model 40 is then fixed to pro- 
vide coherence filtering of error signal 14 during on- 
line operation of M model 16. In another embodiment, 
models 30 and 40 are adapted during on-line active 
adaptive control by model 1 6, to be described in con- 
junction with Fig. 3. 

Fig. 3 uses like reference numerals from Figs. 1 
and 2 where appropriate to facilitate understanding. 
Model 16, Fig. 2, is preferably an MR (infinite impulse 
response) filter provided by an RLMS (recursive least 
mean square) filter, as in U.S. Patent 4,677,676, and 
includes a first algorithm filter, preferably an FIR (fin- 
ite impulse response) filter provided by an LMS (least 
mean square) filter shown as filter A at 50, Fig. 3, and 
a second algorithm filter, preferably an FIR filter pro- 
vided by an LMS algorithm filter, shown as filter B at 
52. Filter 50 has a filter input 54 from reference signal 
8. Filter 52 has a filter input 56 from correction signal 
24. Summer 58 has an input from A filter 50 and an 
input from B filter 52 and provides an output resultant 
sum as correction signal 24. Adaptive filter model C 
at 60, preferably an RLMS IIR filter as in U.S. Patent 
4,677,676 at 142, models the transfer function from 
the outputs of the A and B filters to the error transduc- 
er. A copy of C model 60 is provided at 62, and another 
copy of C model 60 is provided at 64. A copy of E mod- 
el 40 is provided at 66, and another copy of E model 
40 is provided at 68. Copies 62 and 66 are connected 
in series. Copies 64 and 68 are connected in series. 
The series connection of C copy 62 and E copy 66 has 
an input from the input 54 to A filter 50, and has an 
output to multiplier 70. Multiplier 70 multiplies the out- 
put of the series connection of C copy 62 and E copy 
66 and the error signal at error input 20, and supplies 
the resultant product as a weight update signal 72 to 
A filter 50. As noted in U.S. Patent 4,677,676, in some 
prior art references, the multiplier such as 70 is explic- 
itly shown, as in Fig. 3, and in others the multiplier or 
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other combination of reference and error signals is in- 
herent or implied in the controller model such as 16 
and hence the multiplier or combiner may be deleted 
in various references and such is noted for clarity. For 
example, Fig. 2 shows the deletion of such multiplier 5 
or combiner 70, and such function if necessary, is im- 
plied in controller 16, as understood in the art The 
series connection of C copy 64 and E copy 68 has an 
input from the input 56 to B filter 52, and has an output 
to multiplier 74. Multiplier 74 multiplies the output of 10 
the series connection of C copy 64 and E copy 68 and 
the error signal at error input 20, and supplies the re- 
sultant product as a weight update signal 78 to B filter 
52. 

Adaptive filter C 0 model 80 models the transfer 15 
function from output transducer 26 to error transduc- 
er 10. Copy 82 of model 80 has an input from correc- 
tion signal 24 and an output subtractively summed at 
summer 84 with the error signal. The output of sum- 
mer 84 is supplied to summer 36 and to model input 20 
42 of E model 40. Adaptive filter D 0 model 86 models 
the transfer function from output transducer 26 to ref- 
erence input transducer 4. Copy 88 of model 86 has 
an input from correction signal 24 and an output sub- 
tractively summed at summer 90 with the reference 25 
signal. Model reference input 32 of Q model 30 re- 
ceives the output of summer 90. 

First and second auxiliary random noise sources 
92 and 94, preferably each provided by a random 
noise source such as 1 40 in incorporated U.S. Patent 30 
4,677,676, supply respective auxiliary random noise 
source signals 96 and 98. Auxiliary random noise 
source signal 96 is supplied to summer 58 and to the 
input of C model 60. Auxiliary random noise source 
signal 98 is provided to the input of C 0 model 80 and 35 
to the input of D 0 model 86 and to summer 100 addi- 
tively summing the output of summer 58 and auxiliary 
random noise source signal 98, and supplying the re- 
sultant sum to output transducer 26. Summer 102 
subtractively sums the output of error transducer 10 40 
and the output of C 0 model 80, and supplies the resul- 
tant sum to summer 84. Summer 104 subtractively 
sums the output of reference input transducer 4 and 
the output of D 0 model 86, and supplies the resultant 
sum to summer 90. Summer 106 subtractively sums 4$ 
the output of summer 102 and the output of C model 
60, and supplies the resultant sum through E copy 
1 07 to error input 20. E copy 1 07 removes the nonco- 
herent portion of the error signal. Multipliers 108, 110, 
112, 114, 11 6 multiply the respective model reference 50 
and error inputs of respective models 30, 40, 60, 80, 
86, and supply the output resultant product as the re- 
spective weight update signal for that model. In the 
preferred embodiment, models 30, 40, 60, 80 and 86 
adapt during on-line active adaptive control by A filter 55 
50 and B filter 52 providing M model 16. Further in the 
preferred embodiment, models 60, 80 and 86 are p re- 
trained off-line prior to active adaptive control by M 



model 16, and models 60, 80 and 86 remain adaptive 
and continue to adapt during on-line adaptive opera- 
tion of models 16, 30 and 40. 

Fig. 4 uses like reference numerals from above 
where appropriate to facilitate understanding. Adap- 
tive filter F model 120 has a model input 122 supplied 
from the output of summer 36 through delay 124, a 
model output 126 subtractively summed at summer 
1 28 with the output of summer 36, and an error input 
1 30 from the output of summer 128. The combination 
shown in dashed line at 132 in Fig. 4 provides a 
filter which may be used as the K« fitter 27 in Fig. 1. 
Alternatively, K« filter 27 may be provided by a copy 
1 34 of the Ke, filter, Figs. 4 and 5, to be described. The 
coherence optimization system of Fig. 4 flattens or 
whitens or normalizes the canceled error spectrum. 
This shaping of the spectrum enhances cancellation 
and convergence speed. The system emphasizes the 
coherent information while whitening or normalizing 
the noncoherent information, allowing the LMS algo- 
rithm, which is a whitening process, to quickly adapt 
to the required solution to cancel the coherent infor- 
mation. During perfect cancellation, the error signal 
contains only noncoherent information but this infor- 
mation is still passed through the coherence filter to 
the adaptive algorithm in a whitened form. 

The electronically canceled error signal from 
summer 36 is modeled by predictive F filter 120. This 
is a moving average filter that attempts to predict the 
next value of the electronically canceled error signal 
based on the past values of such signal. Delay 124 
preceding F filter 120 forces F to predict, since F does 
not have access to the current value. F filter 1 20 mod- 
els the spectrum of the error signal through delay 
1 24. When the output of F filter 1 20 is summed at 1 28 
with the electronically canceled error signal, the re- 
sulting error signal 130 represents the optimally fil- 
tered canceled error signal. This resulting signal con- 
tains only non-coherent information and has a white 
spectrum due to predictive F filter 120. Combination 
132 provides a coherence optimized error filter. In 
Fig. 4, copy 134 filters error signal 14 from error 
transducer 10, and such filtered error signal has 
peaks in the frequency domain which are proportional 
to the coherence and not to the magnitude of original 
error signal 14. The filtered error signal from copy 
134 provides the error signal to error input 20 of M 
model 16. By using such filtered error signal at 20, the 
update process of M model 16 is weighted in the fre- 
quencies of maximum coherence. Hence, final can- 
cellation obtained will be based on the available co- 
herence, as opposed to spectral energy of the meas- 
ured error signal. 

The output of Kef copy 134 provides a coherence 
optimized filtered error signal to error input 20 of M 
model 1 6. The output of summer 36 approximates the 
noncoherent portion of the error signal, i.e. the por- 
tion of the system output signal 12 appearing at error 
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transducer 1 0 that has no coherence with any portion 
of the system input signal 6 appearing at input trans- 
ducer 4, which in turn is modeled and approximated 
by prediction F filter 120. Delay 124 and F filter 120 
provide a forward predictor, and hence the output of s 
summer 128 approaches a white signal representing 
the coherence filtered version of the noncoherent 
portion of the error signal, i.e. filtered version of the 
output of summer 36. The purpose of whitening the 
noncoherent portion of the error signal is to empha- w 
size the coherent portion, since the coherence fil- 
tered error signal at error input 20 will now have peaks 
in the spectrum which are proportional to the coher- 
ence and not to the original error signal spectral mag- 
nitude. This ensures that when using the LMS adap- 15 
tive algorithm to adapt model M, final attenuation ob- 
tained will be based on available coherence, and not 
on the spectral energy of the measured error signal. 

In one embodiment, Q model 30 and F model 120 
are pre-trained off-line prior to active adaptive control 20 
by M model 16, and a fixed copy 134 is provided. 
In another embodiment, Q model 30 and F model 120 
are adapted during on-line active adaptive control by 
M model 16, to be described in conjunction with Fig. 
5. 25 

Fig. 5 uses like reference numerals from above 
where appropriate to facilitate understanding. Model 
16 of Fig. 4 is an RLMS IIR filter provided by an LMS 
FIR filter A at 50 having a filter input 54 from the ref- 
erence signal, and an LMS FIR filter B at 52 having a 30 
filter input 56 from the correction signal. Summer 58 
has an input from A filter 50 and an input from B filter 
52 and provides an output resultant sum as correction 
signal 24. Adaptive filter C model 60 models the 
transfer function from the outputs of the A and B f il- 35 
ters to the error transducer. Copies of C model 60 are 
provided at 62 and 64. Copies of the coherence fil- 
ter 132 are provided at 138 and 140. C copy 62 and 
copy 138 are connected in series and have an in- 
put from the input 54 to A filter 50. Multiplier 70 mul- 40 
tiplies the output of the series connection of C copy 
62 and copy 138 and the output of Kef copy 134, 
and supplies the resultant product as weight update 
signal 72 to A filter 50. C copy 64 and copy 140 are 
connected in series and have an input from the input 45 
56 to B fitter 52. Multiplier 74 multiplies the output of 
series connected C copy 64 and copy 140 and the 
output of Kef copy 134, and supplies the resultant 
product as weight update signal 78 to B filter 52. 
Adaptive filter C 0 model 80 models the transfer func- so 
tion from output transducer 26 to error transducer 1 0. 
Copy 82 of C 0 model 80 has an input from the correc- 
tion signal and an output subtractively summed at 
summer 84 with the error signal. Summer 36 receives 
the output of summer 84. Adaptive filter D 0 model 86 55 
models the transfer function from output transducer 
26 to reference input transducer 4. Copy 88 of D 0 
model 86 has an input from the correction signal and 



an output subtractively summed at summer 90 with 
the reference signal. Mode) input 32 of Q model 30 re- 
ceives the output of summer 90. 

First auxiliary random noise source 92 supplies 
first auxiliary random noise source signal 96 to sum- 
mer 58 and to the input of C model 60. Second auxil- 
iary random noise source 94 supplies second auxili- 
ary random noise source signal 98 to the input of Co 
model 80 and to the input of D 0 model 86 and to sum- 
mer 100. Summer 100 addrtrvely sums the output of 
summer 58 and auxiliary random noise source signal 
98, and supplies the resultant sum to output transduc- 
er 26. Summer 102 subtractively sums the output of 
error transducer 10 and the output of Co model 80, 
and supplies the resultant sum to summer 84. Sum- 
mer 1 04 subtractively sums the output of reference in- 
put transducer 4 and the output of D 0 model 86, and 
supplies the resultant sum to summer 90. Summer 
1 06 subtractively sums the output of summer 1 02 and 
the output of C model 60, and supplies the resultant 
sum to the input of K^ copy 134. Multipliers 108, 142, 
112, 114, 116 multiply the respective model reference 
and error inputs of respective models 30, 120, 60, 80, 
86, and provide the respective resultant product as a 
weight update signal to that respective model. In the 
preferred embodiment, models 30, 120, 60, 80 and 86 
adapt during on-line active adaptive control by Af ilter 
50 and B f i Iter 52 provid ing M model 1 6. Further in the 
preferred embodiment, models 60, 80 and 86 are pre- 
trained off-line prior to active adaptive control by M 
model 16, and models 60, 80 and 86 remain adaptive 
and continue to adapt during adaptive on-line opera- 
tion of models 16, 30 and 120. 

Fig. 6 uses like reference numerals from above 
where appropriate to facilitate understanding. In Fig. 
6, output 34 of Q model 30 is supplied as a coherence 
optimized filtered error signal to error input 20 of M 
model 16. Q model 30 models the coherent portion of 
the system input signal 6 appearing in the system out- 
put signal 12 at error transducer 10, i.e. Q model 30 
models what it can, namely the correlated portion of 
the system input signal. M model 16 is provided by a 
first LMS FIR adaptive filter A at 50 having a filter in- 
put 54 from the reference signal, and a second LMS 
FIR adaptive filter B at 52 having a filter input 56 from 
the correction signal. Summer 58 has an input from 
A filter 50 and an input from B filter 52, and provides 
the output resultant sum as correction signal 24. 
Adaptive filter C model 60 models the transfer func- 
tion from the outputs of the A and B filters to the error 
transducer. C copy 62 has an input from the input 54 
to A filter 50. Multiplier 70 multiplies the output of C 
copy 62 and a coherence filtered error signal at error 
input 20 provided through summer 83 from the output 
34 of Q model 30, and supplies the resultant product 
as weight update signal 72 to A filter 50. Copy 64 of 
C model 60 has an input from the input 56 to B filter 
52. Multiplier 74 multiplies the output of C copy 64 and 
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the coherence filtered error signal at error input 20, 
and supplies the resultant product as weight update 
signal 78 to B filter 52. Adaptive Co model 80 models 
the transfer function from output transducer 26 to er- 
ror transducer 10. Copy 82 of Co model 80 has an in- 5 
put from the correction signal and an output subtrac- 
tively summed at summer 84 with the error signal, and 
additively summed at summer 83 with output 34 of Q 
model 30. Summer 36 receives the output of summer 
84. Adaptive filter D 0 model 86 models the transfer to 
function from output transducer 26 to reference input 
transducer 4. Copy 88 of D 0 model 86 has an input 
from the correction signal and an output subtractively 
summed at summer 90 with the reference signal. 
Model input 32 of Q model 30 receives the' output of 15 
summer 90. Auxiliary random noise source 92 sup- 
plies auxiliary random noise source signal 96 to sum- 
mer 58 and to the input of C model 60. Auxiliary ran- 
dom noise source 94 supplies auxiliary random noise 
source signal 98 to the input of C 0 model 80 and to the 20 
input of D 0 model 86 and to summer 1 00. Summer 1 00 
sums the output of summer 58 and auxiliary random 
noise source signal 98, and supplies the resultant 
sum to output transducer 26. Summer 102 subtrac- 
tively sums the output of error transducer 1 0 and the 25 
output of C 0 model 80, and supplies the resultant sum 
to summer 84. Summer 104 subtractively sums the 
output of input transducer 4 and the output of D 0 mod- 
el 86, and supplies the resultant sum to summer 90. 
In the preferred embodiment, models 30, 60, 80 and 30 
86 adapt during on-line active adaptive control by A 
filter 50 and B filter 52 providing M model 16. Further 
in the preferred embodiment, models 60, 80 and 86 
are pre-trained off-line prior to active adaptive control 
by M model 16, and models 60, 80 and 86 remain 35 
adaptive and continue to adapt during on-line adap- 
tive operation of models 16 and 30. 

Fig. 7 uses like reference numerals from above 
where appropriate to facilitate understanding. Adap- 
tive filter R model 1 62 has a model input 1 64 from the 40 
reference signal, a model output 166 subtractively 
summed at summer 36 with the error signal 14 from 
error transducer 10, and an error input 168 from the 
output of summer 36. A copy 170 of R model 162 is 
provided at model input 18 of M model 16, and refer- 45 
ence signal 8 is supplied through R copy 170 to input 
18 of M model 16. Delay 172 is provided at model in- 
put 164 of R model 162 to match the propagation de- 
lay of system input signal 6 to the error transducer 1 0. 
R model 1 62 removes the portion of the reference sig- so 
naJ that is not coherent. As R model 162 adapts, it 
models the transfer function from the input or refer- 
ence transducer 4 to the error transducer 10 where 
the coherence is good. Where the coherence is poor, 
R model 162 will tend to reject the signal, like the op- 55 
eration of Q model 30, Figs. 2-6. Since R model 162 
is modeling a transfer function, it shapes the signal 
that it is filtering in areas where the coherence is 



good. R model 162 shapes coherent information, and 
removes non-coherent information. The R copy at 
170 in Fig. 7 provides Kr filter 28 of Fig. 1. Reference 
signal 8 is coherence filtered by the K, coherence fil- 
ter to remove noncoherent portions from reference 
signal 8, and supply only the coherent portion of ref- 
erence signal 8 to model input 18. 

In one embodiment R model 162 is pre-trained 
off-line prior to active adaptive control by M model 1 6, 
and R copy 170 is fixed during on-line operation of M 
model 16. In another embodiment, the reference sig- 
nal is coherence filtered with an adaptive filter model 
during on-line operation of M model 16, to be descri- 
bed in conjunction with Fig. 8. 

E model 40 providing K, coherence filter passes 
coherent information without shaping, and removes 
non-coherent information. F model 120 providing the 
Krf coherence filter shapes coherent and noncoher- 
ent information for optimal cancellation by whitening 
the noncoher-ent spectrum, and does not remove 
noncoherent information. R model 162 providing the 
K r coherence filter shapes coherent information and 
removes noncoherent information. 

Fig. 8 uses like reference numerals from above 
where appropriate to facilitate understanding. M mod- 
el 16 is provided by a first LMS FIR adaptive filter A 
at 50 having a filter input 54 through R copy 1 70 from 
the reference signal, and a second LMS FIR adaptive 
filter B at 52 having a filter input 56 from the correc- 
tion signal. Summer 58 has an input from A filter 50 
and an input from B filter 52, and provides the output 
resultant sum as correction signal 24. Adaptive filter 
C model 60 models the transfer function from the out- 
puts of the A and B filters to the error transducer. A 
first copy 62 of C model 60 has an input from input 54 
to A filter 50. Multiplier 70 multiplies the output of C 
copy 62 and the error signal at error input 20, and sup- 
plies the resultant product as weight update signal 72 
to A filter 50. A second copy 64 of C model 60 has an 
input from input 56 to B filter 52. Multiplier 74 multi- 
plies the output of C copy 64 and the error signal at 
error input 20, and supplies the resultant product as 
weight update signal 78 to B filter 52. Adaptive filter 
C 0 model 80 models the transfer function from output 
transducer 26 to error transducer 10. Copy 82 of Co 
model 80 has an input from the correction signal and 
an output subtractively summed at summer 84 with 
the error signal. Summer 36 receives the output of 
summer 84. Adaptive filter D 0 model 86 models the 
transfer function from output transducer 26 to refer- 
ence input transducer 4. Copy 88 of O 0 model 86 has 
an input from the correction signaJ and an output sub- 
tractively summed at summer 90 with the reference 
signal. Model input 164 of R model 162 receives the 
output of summer 90 through delay 172. Auxiliary ran- 
dom noise source 92 supplies auxiliary random noise 
source signaJ 96 to summer 58 and to the input of C 
model 60. Auxiliary random noise source 94 supplies 
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auxiliary random noise source signal 98 to the input 
of Co model 80 and to the input of D 0 model 86 and to 
summer 100. Summer 100 addttively sums the output 
of summer 58 and the auxiliary random noise source 
signal 98, and supplies the resultant sum to output 5 
transducer 26. Summer 102 subtractively sums the 
output of error transducer 10 and the output of Co 
model 80, and supplies the resultant sum to summer 
84. Summer 1 04 subtractively sums the output of ref- 
erence input transducer 4 and the output of D 0 model 10 
86, and supplies the resultant sum to summer 90 and 
to R copy 170. Summer 106 subtractively sums the 
output of summer 102 and the output of C model 60, 
and supplies the resultant sum to error input 20. Mul- 
tipliers 112, 114, 116, 169 multiply the respective ref- 15 
ere nee and error inputs of respective models 60, 80, 
86, 1 62, and provide the respective resultant product 
as a weight update signal to that respective model. In 
the preferred embodiment models 162, 60, 80 and 86 
adapt during on-line active adaptive control by A filter 20 
50 and B filter 52 providing M model 16. Further in 
the preferred embodiment, models 60, 80 and 86 are 
p re-trained off-line prior to active adaptive control by 
M model 16, and models 60, 80 and 86 remain adap- 
tive and continue to adapt during adaptive on-line op- 25 
eratbn of models 16 and 162. 

Fig. 9 uses like reference numerals from above 
where appropriate to facilitate understanding. Refer- 
ence signal 8 is coherence filtered by a copy 174 of 
E filter 40 having an input from input transducer 4 and 30 
an output to model input 18 of M model 16. The error 
signal to error input 20 of M model 1 6 may be provided 
directly from error transducer 10, as shown, or alter- 
natively the error signal may also be coherence fil- 
tered through a copy of E model 40 or by supplying the 35 
output 44 of E model 40 as the error signal to error in- 
put 20. 

Fig. 10 uses like reference numerals from above 
where appropriate to facilitate understanding. The 
combination shown in dashed line provides a K rf co- 40 
here nee fitter 176, like coherence filter 132 in Fig. 
4. K rf coherence filter 176 provides the noted K, filter 
28 in Fig. 1. Reference signal 8 is coherence filtered 
by Krf coherence filter 176, or alternatively by a copy 
thereof as shown at 178 in Fig. 10. Reference signal 45 
8 is coherence filtered by coherence filter 178 before 
supplying same to model input 18 of M model 16. The 
model input 18 is thereby coherence filtered to em- 
phasize the coherent portions of reference signal 8 
from input transducer 4. 50 

Fig. 11 uses like reference numerals from above 
where appropriate to facilitate understanding. In Fig. 
11, the error signal supplied to error input 20 of M 
model 16 is coherence filtered by a coherence filter 
K« provided by a copy 184 of R model 162, Fig. 7, 55 
passing the coherent portion of the error signal. 

Fig. 12 uses like reference numerals from above 
where appropriate to facilitate understanding. In Fig. 



1 2, the correction signal from the output 22 of M mod- 
el 16 is coherence filtered by a coherence filter Kc 
provided by a copy 185 of R model 162, Fig. 7, pass- 
ing the coherent portion of the correction signal. 

Fig. 13 uses like reference numerals from above 
where appropriate to facilitate understanding. In Fig. 

13, the correction signal from output 22 of M model 
1 6 is coherence filtered by a copy 1 66 of E model 40, 
Fig. 2. E copy 186 passes the coherent portion of the 
correction signal. 

Fig. 14 uses like reference numerals from above 
where appropriate to facilitate understanding. The 
combination shown in dashed fine provides a Kef co- 
herence filter 1 88, like K^ coherence filter 1 32 in Fig. 
4. Kef coherence filter 188 provides the noted Kc filter 
29 in Fig. 1. The correction signal is coherence fil- 
tered by Kef coherence fitter 188, or alternatively by a 
copy thereof as shown at 190 in Fig. 14. Coherence 
filtering of the correction signal emphasizes the por- 
tion of the correction signal that corresponds to the 
coherent portion of the system output signal 12 at er- 
ror transducer 10. 

As noted above, a significant benefit of coher- 
ence filtering is the reduction of noncoherent informa- 
tion in the adaptive system. Another significant ben- 
efit of coherence filtering is the shaping of the error 
signal spectrum and/or the reference signal spectrum 
and/or the correction signal spectrum. In some cases, 
shaping of the spectrum may be more important than 
removing noncoherent information. In the coherence 
filtering methods employing F filter 120, the nonco- 
herent information is not removed but simply normal- 
ized such that the noncoherent information at one 
part of the spectrum has the same magnitude as the 
noncoherent information at any other part of the spec- 
trum. 

It is preferred that each of models 30, 40, 60, 80, 
86, 120 and 162 be provided by an IIR adaptive filter 
model, e.g. an RLMS algorithm filter, though other 
types of adaptive models may be used, including FIR 
models, such as provided by an LMS adaptive filter. 

It is recognized that various equivalents, alterna- 
tives and modifications are possible within the scope 
of the appended claims. 

Claims 

1. In an active adaptive control system having an 
adaptive filter model (16), a coherence optimiza- 
tion method comprising providing first and sec- 
ond transducers (5 and 11; or 4 and 10) output- 
ting first and second signals (9 and 15; or 8 and 
14), determining coherence between said first 
and second signals, providing a coherence filter 
(27; 28; 29) in said adaptive control system ac- 
cording to said determined coherence, determin- 
ing said coherence with a second adaptive filter 



7 



13 



EP 0 684 594 A2 



14 



model (30. 40; 120; 162). 

2. The invention according to claim 1 comprising de- 
termining said coherence by modeling the trans- 
fer function between said first and second trans- 5 
ducers (5 and 11; or 4 and 10) with said second 
model (30; 162). 

3. The invention according to claim 1 comprising 
pre-training said second model off-line prior to 10 
on-line operation of said first mentioned model, 

and then providing a fixed said second model 
during on-line operation of said first model. 

4. The invention according to claim 1 comprising is 
adapting said second model during on-line oper- 
ation of said first mentioned model. 

5. The invention according to claim 1 wherein said 
adaptive filter model (16, Fig. 1) has a model in- 20 
put (18) receiving a reference signal (8), an error 
input (20) receiving an error signal (14), and a 
model output (22) outputting a correction signal 
(24), and comprising providing at least one said 
coherence filter (27; 28; 29) filtering one of said 25 
error signal (14), said reference signal (8) and 

said correction signal. 

6. The invention according to claim 5 comprising 
providing two coherence filters each filtering a 30 
different one of said reference signal, said error 
signal and said correction signal. 

7. The invention according to claim 6 comprising 
providing three coherence filters each filtering a 35 
different one of said reference signal, said error 
signal and said correction signal. 

8. The invention according to claim 5 comprising op- 
timizing coherence by removing noncoherent 40 
portions of at least one of said error signal, said 
reference signal and said correction signal. 

9. The invention according to claim 5 comprising op- 
timizing coherence by normalizing the noncoher- 45 
ent spectrum of at least one of said error signal 
(14), said reference signal (8) and said correction 
signal (24). 

10. The invention according to claim 1 wherein said so 
adaptive filter model (16, Fig. 1) has a model in- 
put (18) receiving a reference signal (8) from a 
reference input transducer (4), an error input (20) 
receiving an error signal (14) from an error trans- 
ducer (10), and a model output (22) outputting a 55 
correction signal (24), and wherein said first 
transducer is said reference input transducer (4), 

and said second transducer is said error trans- 



ducer (10). 

11. The invention according to claim 1 comprising 
sensing a system input signal (6) with a reference 
input transducer (4) and outputting a reference 
signal (8), sensing a system output signal (12) 
with an error transducer (10) and outputting an 
error signal (14), said system input signal (6) and 
said system output signal (12) having coherent 
and noncoherent portions, providing said adap- 
tive filter model (16) having a model input (18) 
from said reference signal (8), an error input (20) 
from said error signal (14), and a model output 
(22) outputting a correction signal (24) to an out- 
put transducer (26) to introduce a control signal 
matching said system input signal (6), to mini- 
mize the error at said error input (20), and coher- 
ence filtering (27; 28; 29) at least one of said error 
signal (14), said reference signal (8) and said cor- 
rection signal (24). 

12. The invention according to claim 11 comprising 
coherence filtering said error signal by providing 
said second adaptive filter model (30, Fig. 2) hav- 
ing a model input (32) from said first transducer, 
a model output (34) summed at a first summer 
(36) with a signal from said second transducer, 
and an error input (38) from the output of said first 
summer (36), and providing a third adaptive filter 
model (40) having a model input (42) from said er- 
ror signal, a model output (44) summed at a sec- 
ond summer (46) with said model output (34) of 
said second model (30), and an error input (48) 
from the output of said second summer (46), said 
third model (40) providing a coherence optimized 
filtered error signal. 

13. The invention according to claim 12 comprising 
providing a fourth adaptive filter model (80, Fig. 
3) modeling the transfer function from said output 
transducer (26) to said error transducer (10), and 
providing a copy (82) of said fourth model (80) 
having an input from said correction signal (24) 
and an output summed at a third summer (84) 
with said error signal, and wherein said first sum- 
mer (36) receives the output of said third summer 
(84). 

14. The invention according to claim 13 comprising 
providing a fifth adaptive filter model (86, Fig. 3) 
modeling the transfer function from said output 
transducer (26) to said input transducer (4), and 
providing a copy (88) of said fifth model (86) hav- 
ing an input from said correction signal (24) and 
an output summed at a fourth summer (90) with 
said reference signal, and wherein said model in- 
put (32) of said second model (30) receives the 
output of said fourth summer (90). 
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15. The invention according to daim 12 comprising 
providing said first adaptive filter model (16) with 
a first algorithm filter comprising an A filter (50., 
Fig. 3) having a filter input (54) from said refer- 
ence signal (8), and a second algorithm filter 5 
comprising a B filter (52) having a filter input (56) 
from said correction signal (24), providing a third 
summer (58) having an input from said A filter 
(50) and an input from said B filter (52) and pro- 
viding the output resultant sum as said correction 10 
signal (24), providing a fourth adaptive filter mod- 
el (60) modeling the transfer function from the 
outputs of said A and B filters to said error trans- 
ducer (10), providing a first copy (62) of said 
fourth model (60), providing a first copy (66) of 15 
said third model (40), connecting said first copy 

(62) of said fourth model (60) and said first copy 
(66) of said third model (40) in series to provide 
a first series connection having an input from the 
input (54) to said Af ilter (50), providing a first mul- 20 
tiplier (70) multiplying the output of said first ser- 
ies connection and a coherence filtered error sig- 
nal and supplying the resultant product as a 
weight update signal (72) to said A filter (50), pro- 
viding a second copy (64) of said fourth model 25 
(60), providing a second copy (68) of said third 
model (40), connecting said second copy (64) of 
said fourth model (60) and said second copy (68) 
of said third model (40) in series to provide a sec- 
ond series connection having an input from the 30 
input (56) to said B filter (52), providing a second 
multiplier (74) multiplying the output of said sec- 
ond series connection and a coherence filtered 
error signal and supplying the resultant product 
as a weight update signal (78) to said a filter (52). 35 

16. The invention according to claim 15 comprising 
providing a third copy (107) of said third model 
(40), and providing said coherence filtered error 
signal through said third copy (107) to said first 40 
and second multipliers (70 and 74). 

17. The invention according to claim 15 comprising 
providing a fifth adaptive filter model (80, Fig. 3) 
modeling the transfer function from said output 45 
transducer (26) to said error transducer (10), pro- 
viding a copy (82) of said fifth model (80) having 

an input from said correction signal (24) and an 
output summed at a fourth summer (84) with said 
error signal, and wherein said first summer (36) so 
receives the output of said fourth summer (84), 
providing a sixth adaptive filter model modeling 
the transfer function from said output transducer 
(26) to said input transducer (4), and providing a 
copy (88) of said sixth model (86) having an input 55 
from said correction signal (24) and an output 
summed at a fifth summer (90) with said refer- 
ence signal, and wherein said model input (32) of 



said second model (30) receives the output of 
said fifth summer (90). 

18. The invention according to claim 17 wherein the 
output of said fourth summer (84) is supplied to 
the model input (42) of said third model (40). 

19. The invention according to claim 17 comprising 
providing first and second auxiliary random noise 
sources (92 and 94, Fig. 3), supplying an auxiliary 
random noise source signal (96) from said first 
auxiliary random noise source (92) to said third 
summer (58) and to the input of said fourth model 
(60), supplying an auxiliary random noise source 
signal (98) from said second auxiliary random 
noise source (94) to the input of said fifth model 
(80) and to the input of said sixth model (86). 

20. The invention according to claim 19 comprising 
providing a sixth summer (100, Fig. 3) summing 
the output (24) of said third summer (58) and the 
auxiliary random noise source signal (98) from 
said second auxiliary random noise source (94) 
and supplying the resultant sum to said output 
transducer (26). 

21. The invention according to claim 20 comprising 
providing a seventh summer (102, Fig. 3) sum- 
ming the output of said error transducer (10) and 
the output of said fifth model (80) and supplying 
the resultant sum to said fourth summer (84), pro- 
viding an eighth summer (104) summing the out- 
put of said input transducer (4) and the output of 
said sixth model (86) and supplying the resultant 
sum to said fifth summer (90), providing a ninth 
summer (106) summing the output of said sev- 
enth summer (102) and the output of said fourth 
model (60). 

22. The invention according to claim 21 comprising 
providing a third copy (107) of said third model. 
(40) having an input from said ninth summer 
(102) and an output to said error input (20) of said 
first model (16), and wherein the input to said 
third model (40) is supplied from said fourth sum- 
mer (84). 

23. The invention according to claim 12 wherein said 
model output (44, Fig. 2) of said third model (40) 
provides said coherence optimized filtered error 
signal to said error input (20) of said first model 
(16). 

24. The invention according to claim 12 comprising 
providing a copy (107, Fig. 3) of said third model 
(40) having an input from said error signal and an 
output providing a coherence optimized filtered 
error signal to said error input (20) of said first 
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model (16). 

25. The invention according to claim 11 comprising 
coherence filtering said error signal by providing 
said second adaptive filter model (30, Fig. 4) hav- s 
ing a model input (32) from said first transducer, 

a model output (34) summed at a first summer 
(36) with a signal from said second transducer, 
and an error input (38) from the output of said first 
summer (36), and providing a third adaptive filter 10 
model (120) having a model input (122) from the 
output of said first summer (36), a model output 
(126) summed at a second summer (1 28) with the 
output of said first summer (36), and an error in- 
put (1 30) from the output of said second summer 15 
(128). 

26. The invention according to claim 25 comprising 
providing a copy (134) of the combination of said 
third model (120) and said second summer (128), 20 
said copy (134) having an input from said error 
signal and an output supplied to said error input 

(20) of said first model, said output of said copy 
(1 34) providing a coherence optimized filtered er- 
ror signal. 25 

27. The invention according to claim 26 comprising 
providing the input (122) to said third model (120) 
with a delay (124), and including said delay (124) 

in said copy (134). 30 

28. The invention according to claim 25 comprising 
pre-training said second and third models (30 
and 120) off-line prior to active adaptive control 

by said first model (16), and providing a fixed said 35 
third model (120) during on-line active adaptive 
control by said first model (16). 

29. The invention according to claim 25 comprising 
adapting said second and third models (30 and to 
120) during on-line active adaptive control by 
said first model (16). 

30. The invention according to claim 25 comprising 
providing a fourth adaptive filter model (80, Fig. 45 
5) modeling the transfer function from said output 
transducer (26) to said error transducer (10), and 
providing a copy (82) of said fourth model (80) 
having an input from said correction signal and an 
output summed at a third summer (84) with said so 
error signal, and wherein said first summer (36) 
receives the output of said third summer (84). 

31. The invention according to claim 30 comprising a 
fifth adaptive filter model (86, Fig. 5) modeling 55 
the transfer function from said output transducer 
(26) to said input transducer (4), and providing a 
copy (88) of said fifth adaptive model (86) having 



an input from said correction signal and an output 
summed at a fourth summer (90) with said refer- 
ence signal, and wherein said model input (32) of 
said second model (30) receives the output of 
said fourth summer (90). 

32. The invention according to claim 25 comprising 
providing said first adaptive filter model (1 6) with 
a first algorithm filter comprising an A filter (50, 
Fig. 5) having a filter input from said reference 
signal, and a second algorithm filter comprising a 
B filter (52) having a filter input from said correc- 
tion signal, providing a third summer (58) having 
an input from said A filter (50) and an input from 
said B filter (52) and providing the output resul- 
tant sum as said correction signal (24), providing 
a fourth adaptive filter model (60) modeling the 
transfer function from the outputs of said A and 
B filters to said error transducer (10), providing a 
first copy (62) of said fourth model (60), providing 
a first copy (138) of the combination of said 
third model (120) and said second summer (128), 
connecting said first copy (62) of said fourth mod- 
el (60) and said first copy (136) in series to 
provide a first series connection having an input 
from the input (54) to said A filter (50), providing 
a first multiplier (70) multiplying the output of said 
first series connection and a coherence filtered 
error signal and supplying the resultant product 
as a weight update signal (72) to said A filter, pro- 
viding a second copy (64) of said fourth model 
(60), providing a second K«r copy (140) of the 
combination of said third model (120) and said 
second summer (128), connecting said second 
copy (64) of said fourth model (60) and said sec- 
ond Kef copy (140) in series to provide a second 
series connection having an input from the input 
(56) to said B filter (52), providing a second mul- 
tiplier (74) multiplying the output of said second 
series connection and a coherence filtered error 
signal and supplying the resultant product as a 
weight update signal (78) to said B filter (52). 

33. The invention according to claim 32 comprising 
providing a third K«f copy (134) of the combination 
of said third model (120) and said second sum- 
mer (128), supplying said error signal (14) 
through said third Ke f copy (134) as said coher- 
ence filtered error signal to said first and second 
multipliers (70 and 74). 

34. The invention according to claim 32 comprising 
providing a fifth adaptive filter model (80, Fig. 5) 
modeling the transfer function from said output 
transducer (26) to said error transducer (1 0), pro- 
viding a copy (82) of said fifth model (80) having 
an input from said correction signal and an output 
summed at a fourth summer (84) with said error 
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signal, and wherein said first summer (36) re- 
ceives the output of said fourth summer (84), pro- 
viding a sixth adaptive filter model (86) modeling 
the transfer function from said output transducer 
(26) to said input transducer (4), and providing a 5 
copy (88) of said fifth model (86) having an input 
from said correction signal and an output sum- 
med at a fifth summer (90) with said reference 
signal, and wherein said model input (32) of said 
second model (30) receives the output of said to 
fifth summer (90). 

35. The invention according to claim 34 comprising 
providing first and second auxiliary random noise 
sources (92 and 94, Fig. 5), supplying an auxiliary 15 
random noise source signal (96) from said first 
auxiliary random noise source (92) to said third 
summer (58) and to the input of said fourth model 
(60), supplying an auxiliary random noise source 
signal (98) from said second auxiliary random 20 
noise source (94) to the input of said fifth model 

(80) and to the input of said sixth model (86). 

36. The invention according to claim 35 comprising 
providing a sixth summer (100, Fig. 5) summing 25 
the output of said third summer (58) and the aux- 
iliary random noise source signal (98) from said 
second auxiliary random noise source (94) and 
supplying the resultant sum to said output trans- 
ducer (26). 30 

37. The invention according to claim 36 comprising 
providing a seventh summer (102, Fig. 5) sum- 
ming the output of said error transducer (10) and 

the output of said fifth model (80) and supplying 35 
the resultant sum to said fourth summer (84), pro- 
viding an eighth summer (104) summing the out- 
put of said input transducer (4) and the output of 
said sixth model (86) and supplying the resultant 
sum to said fifth summer (90), providing a ninth 40 
summer (106) summing the output of said sev- 
enth summer (102) and the output of said fourth 
model (60) and supplying the resultant sum to the 
input of said copy (134) of said third model (120). 

45 

38. The invention according to claim 11 comprising 
coherence filtering said error signal by providing 
said second adaptive filter model (30, Fig. 6) hav- 
ing a model input (32) from said first transducer, 

a model output (34) summed at a summer (36) so 
with a signal from said second transducer, and an 
error input (38) from the output of said summer 
(36), said second model (30) providing a coher- 
ence optimized filtered error signal. 

55 

39. The invention according to claim 38 comprising 
providing said first adaptive filter model (1 6) with 
a first algorithm filter comprising an A filter (50, 



Fig. 6) having a filter input (54) from said refer- 
ence signal, and a second algorithm filter com- 
prising a B filter (52) having a filter input (56) from 
said correction signal, providing a second sum- 
mer (58) having an input from said A filter (50) 
and an input from said B filter (52) and providing 
the output resultant sum as said correction signal 
(24), providing a third adaptive filter model (60) 
modeling the transfer function from the outputs 
of said A and B filters to said error transducer 
(10), providing a first copy (62) of said third model 
(60) having an input from the input (54) to said A 
filter (50), providing a first multiplier (70) multiply- 
ing the output of said first copy (62) of said third 
model (60) and a coherence optimized filtered er- 
ror signal and supplying the resultant product as 
a weight update signal (72) to said A filter (50), 
providing a second copy (64) of said third model 
(60) having an input from the input (56) to said B 
filter (52), providing a second multiplier (74) mul- 
tiplying the output of said second copy (64) of 
said third model (60) and a coherence optimized 
filtered error signal and supplying the resultant 
product as a weight update signal (78) to said B 
filter (52), supplying the output (34) of said sec- 
ond model (30) as said coherence optimized fil- 
tered error signal to said first and second multi- 
pliers (70 and 74). 

40. The invention according to claim 39 comprising 
providing a fourth adaptive filter model (80, Fig. 
6) modeling the transfer function from said output 
transducer (26) to said error transducer (1 0), pro- 
viding a copy (82) of said fourth model (80) having 
an input from said correction signal and an output 
summed at a third summer (84) with said error 
signal, wherein said first summer (36) receives 
the output of said third summer (84), providing a 
fifth adaptive filter model (86) modeling the 
transfer function from said output transducer 
(26) to said input transducer (4), providing a copy 
(88) of said fifth model (86) having an input from 
said correction signal and an output summed at 
a fourth summer (90) with said reference signal, 
wherein said model input (32) of said second 
model (30) receives the output of said fourth sum- 
mer (90), providing first and second auxiliary ran- 
dom noise sources (92 and 94), supplying an aux- 
iliary random noise source signal (96) from said 
first auxiliary random noise source (92) to said 
second summer (58) and to the input of said third 
model (60), supplying an auxiliary random noise 
source signal (98) from said second auxiliary ran- 
dom noise source (94) to the input of said fourth 
model (80) and to the input of said fifth model 
(86), providing a fifth summer (100) summing the 
output of said second summer (58) and the aux- 
iliary random noise source signal (98) from said 
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second auxiliary random noise source (94) and 
supplying the resultant sum to said output trans- 
ducer (26), providing a sixth summer (102) sum- 
ming the output of said error transducer (10) and 
the output of said fourth model (80) and supplying 5 
the resultant sum to said third summer (84), pro- 
viding a seventh summer (104) summing the out- 
put of said input transducer (4) and the output of 
said fifth mode) (86) and supplying the resultant 
sum to said fourth summer (90), providing an 10 
eighth summer (83) summing the output of said 
copy (82) of said fourth model (80) and the output 
(34) of said second model (30) and supplying the 
resultant sum to said error input (20) of said first 
model (16). is 

41. The invention according to claim 11 comprising 
coherence filtering said reference signal by pro- 
viding said second adaptive filter model (162, 

Fig. 7) having a model input (164) from said first 20 
transducer, a model output (166) summed at a 
summer (36) with a signal from said second 
transducer, and an error input (168) from the out- 
put of said summer (36), providing a copy (170) 
of said second model (162), and supplying said 25 
reference signal through said copy (170) to said 
model input (18) of said first model (16). 

42. The invention according to claim 41 comprising 
providing said first adaptive filter model (16) with 30 
a first algorithm filter comprising an A filter (50, 

Fig. 8) having a filter input (54), and a second al- 
gorithm filter comprising a B filter (52) having a 
filter input (56) from said correction signal, pro- 
viding a second summer (58) having an input 35 
from said A filter (50) and an input from said B fil- 
ter (52) and providing the output resultant sum as 
said correction signal (24), providing a third adap- 
tive filter model (60) modeling the transfer func- 
tion from the output of said A and B filters to said 40 
error transducer (10), providing a first copy (62) 
of said third model (60) having an input from the 
input (54) to said Af ilter (50), providing a first mul- 
tiplier (70) multiplying the output of said first copy 
(62) of said third model (60) and said error signal 45 
and supplying the resultant product as a weight 
update signal (72) to said A filter (50), providing 
a second copy (64) of said third model (60) having 
an input from the input (56) to said B filter (52), 
providing a second multiplier (74) multiplying the so 
output of said second copy (64) of said third mod- 
el (60) and said error signal and supplying the re- 
sultant product as a weight update signal (78) to 
said B filter (52), providing said copy (1 70) of said 
second model (1 62) at said filter input (54) of said 55 
A filter (50), and supplying said reference signal 
through said copy (170) of said second model 
(162) to said filter input (54) of said A filter (50) 



and to said first copy (62) of said third model (60). 

43. The invention according to claim 42 comprising 
providing a fourth adaptive filter model (80, Fig. 
6) modeling the transfer function from said output 
transducer (26) to said error transducer (1 0), pro- 
viding a copy (82) of said fourth model (80) having 
an input from said correction signal and an output 
summed at a third summer (84) with said error 
signal, wherein said first summer (36) receives 
the output of said third summer (84), providing a 
fifth adaptive filter model (86) modeling the 
transfer function from said output transducer 
(26) to said input transducer (4), providing a copy 
(88) of said fifth model (86) having an input from 
said correction signal and an output summed at 
a fourth summer (90) with said reference signal, 
wherein said model input (164) of said second 
model (162) receives the output of said fourth 
summer (90), providing first and second auxiliary 
random noise sources (92 and 94), supplying an 
auxiliary random noise source signal (96) from 
said first auxiliary random noise source (92) to 
said second summer (58) and to the input of said 
third model (60), supplying an auxiliary random 
noise source signal (98) from said second auxil- 
iary random noise source (94) to the input of said 
fourth model (80) and to the input of said fifth 
model (86), providing a fifth summer (100) sum- 
ming the output of said second summer (58) and 
the auxiliary random noise source signal (98) 
from said second auxiliary random noise source 
(94) and supplying the resultant sum to said out- 
put transducer (26), providing a sixth summer 
( 1 02) summing the output of said error transducer 
(10) and the output of said fourth model (80) and 
supplying the resultant sum to said third summer 
(84), providing a seventh summer (104) summing 
the output of said input transducer (4) and the 
output of said fifth model (86) and supplying the 
resultant sum to said fourth summer (90) and to 
said copy (170) of said second model (162). 

44. The invention according to claim 11 comprising 
providing said second adaptive filter model (30, 
Fig. 9) having a model input (32) from said first 
transducer, a model output (34) summed at a first 
summer (36) with a signal from said second 
transducer, and an error input (38) from the out- 
put of said first summer (36), providing a third 
adaptive filter model (40) having a model input 
(42) from said error signal, a model output (44) 
summed at a second summer (46) with said mod- 
el output (34) of said second model (30), and an 
error input (48) from the output of said second 
summer (46), providing a copy (174) of said third 
model (40) having an input from said input trans- 
ducer (4) and an output to said model input (18) 
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of said first model (16) and coherence filtering 
said reference signal supplied to said model input 
(18) of said first model (16). 

45. The invention according to claim 11 comprising 
providing said second adaptive filter model (30, 
Fig. 10) having a model input (32) from said first 
transducer, a model output (34) summed at a first 
summer (36) with a signal from said second 
transducer, and an error input (38) from the out- 
put of said first summer (36), providing a third 
adaptive filter model (120) having a model input 
(122) from the output of said first summer (36), a 
model output (126) summed at a second summer 
(128) with the output of said first summer (36), 
and an error input (130) from the output of said 
second summer (128), providing a copy (178) of 
the combination of said third model (120) and 
said second summer (128), said reference signal 
(8) being supplied through said copy (178) to said 
model input (1 8) of said first model (1 6) to provide 
a coherence optimized filtered reference signal 
thereto. 

46. The invention according to claim 11 comprising 
coherence filtering said error signal by providing 
said second adaptive filter model (162, Fig. 11) 
having a model input (164) from said first trans- 
ducer, a model output (166) summed at a summer 
(36) with a signal from said second transducer, 
and an error input (168) from the output of said 
summer (36), providing a copy (184) of said sec- 
ond model (162), and supplying said error signal 
through said copy (184). 

47. The invention according to claim 11 comprising 
coherence filtering said correction signal by pro- 
viding said second adaptive filter model (162, 
Fig. 1 2) having a model input (164) from said first 
transducer, a model output (166) summed at a 
summer (36) with a signal from said second 
transducer, and an error input (168) from the out- 
put of said summer (36), providing a copy (185) 
of said second model (162), and supplying said 
correction signal through said copy (185). 



error input (48) from the output of said second 
summer (46), providing a copy (186) of said third 
model (40), and supplying said correction signal 
through said copy (186). 

5 

49. The invention according to claim 11 comprising 
coherence filtering said correction signal by pro- 
viding said second adaptive filter model (30, Fig. 
14) having a model input (32) from said first 

10 transducer, a model output (34) summed at a first 
summer (36) with a signal from said second 
transducer, and an error input (38) from the out- 
put of said first summer (36), providing a third 
adaptive filter model (120) having a model input 

15 (1 22) from the output of said first summer (36), a 
model output (126) summed at a second summer 
(128) with the output of said first summer (36), 
and an error input (130) from the output of said 
second summer (128), providing a copy (190) of 

20 the combination of said third model (120) and 

said second summer (128), and supplying said 
correction signal through said copy (190). 

50. An active adaptive control system having a co- 
25 here nee filter which is adapted, or is adaptive, in 

accordance with the coherence determined for 
the system. 
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48. The invention according to claim" "11 "comprising 
coherence filtering said correction signal by pro- 
viding said second adaptive filter model (30, Fig. 
13) having a model input (32) from said first so 
transducer, a model output (34) summed at a first 
summer (36) with a signal from said second 
transducer, and an error input (38) from the out- 
put of said first summer (36), providing a third 
adaptive filter model (40) having a model input 55 
(42) from said error signal, a model output (44) 
summed at a second summer (46) with said mod- 
el output (34) of said second model (30), and an 
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